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(3) Phase difference plate and liquid crystal display device. 

(57) A phase difference plate capable of eliminat- 
ing contrast changes due to viewing angle 
changes of a display image, coloring phenome- 
non of a display screen, and black and white 
reversal phenomenon, and a liquid crystal dis- 
play device capable of displaying images of 
high quality are presented. A phase difference 
plate (1) composed of a drawn and elongated 
material possessing optical anisotropy such as 
high polymer compounds is formed in a flat 
plate form, the direction of the minimum princi- 
pal refractive index (na) of the three principal 
refractive indices (na.nb.nc) of the index ellip- 
soid is parallel to the y-axis direction, and the 
direction of the principal refractive index (nb) is +^ 
inclined to the normal direction of the surface. 
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The present invention relates to a phase difference plate and a liquid crystal display device, and more par- 
ticularly to a liquid crystal display device for improving the viewing angle characteristics of the display screen. 

The liquid crystal display device using nematic liquid crystal display cells has been hitherto applied widely 
in numerical value segment type display devices such as clocks and desktop calculators, and active elements 
such as thin film transistors are formed on the light transmittable substrate of liquid crystal display cells as the 
switching means for selectively driving the pixel electrodes, and color filter layers of red, green and blue are 
provided as color display means, and depending on the twist angle of liquid crystal, (a) an active drive type 
twisted nematic (TN) liquid crystal display system disposing the nematic liquid crystal molecules by twisting 
90 degrees is used, or (b) a multiplex drive type super twisted nematic (STN) liquid crystal display system mak- 
ing use of sharp steepness of transmissivity-liquid crystal applied voltage characteristic by defining the twist 
angle of nematic liquid crystal cell at 90 degrees or more is used. 

In the latter (b) multiplex drive type STN liquid crystal display system, since peculiar coloring is present, 
the system of disposing optical compensation plates is considered useful for monochromatic displays, and de^ 
pending on the optical compensation plates it is classified into (b-1) two-layer type double super twisted ne- 
matic liquid crystal display system using liquid crystal cells twisted and disposed at a twist angle in reverse 
direction to the liquid crystal cell for display, and (b-2) the film added type liquid crystal display system dis- 
posing a f ilm possessing optical anisotropy, and from the viewpoint of lightness of weight and cost, the latter 
(b-2) film added type liquid crystal display system is considered advantageous. 

On the other hand, the former (a) active drive type TN liquid crystal display system is roughly classified 
into (a-1) normally black system for displaying black color in a state without voltage application to the liquid 
crystal layer (OFF state) by disposing the polarization directions of a pair of polarizers parallel to each other, 
and (a-2) normally white system for displaying white color in the OFF state by mutually crossing the polarization 
directions orthogonally, and the normally white system is considered more useful from the viewpoints of display 
contrast, color reproduction and dependence of the display on viewing angle. 

In the conventional TN liquid crystal display device, however, since the refractive anisotropy is present in 
the liquid crystal molecules, and the liquid crystal molecules are disposed at inclination to the upper and lower 
electrode substrates, and the contrast of the display image varies depending on the viewing angle to observe, 
and the dependence on the viewing angle increases. In particular, as shown in the plan of the liquid crystal 
display cell in Fig. 3 or Fig. 19, when the viewing angle is inclined from the screen normal direction to the normal 
viewing angle direction, the display image is colored above a certain angle (this is called coloring phenomen- 
on), or the black and white are inverted (reversal phenomenon). Or as the viewing angle is inclined in the anti- 
viewing angle direction, the contrast drops abruptly. 

To improve such dependence on the viewing angle, it may be considered to compensate for the phase of 
light by placing a phase difference plate having the direction of one principal refractive index of index ellipsoid 
parallel to the normal direction of the surface, as shown in perspective view in Fig. 7, between the liquid crystal 
layer and polarizer, but even by using such phase difference plates, there is a limit for improving the reversal 
phenomenon in the normal viewing angle direction. 

It is hence a primary object of the invention to present a phase difference plate capable of eliminating con- 
trast changes, coloring phenomenon, and reversal phenomenon depending on the viewing angle of the display 
image in order to solve the conventional problems, and a liquid crystal display device capable of displaying 
images of high quality by using such phase difference plates. 

The invention presents a phase difference plate formed of a material having optical anisotropy in a flat 
plate form, wherein the direction of the principal refractive index of the index ellipsoid is inclined to the normal 
direction of the surface. 

In the invention, of the three principal refractive indices of the index ellipsoid, the direction of the minimum 
principal refractive index is parallel to the surface, and the directions of the other principal refractive indices 
are inclined to the surface. 

In the invention, of the three principal refractive indices of the index ellipsoid, the direction of the minimum 
principal refractive index is parallel to the surface, and the angle 9 formed by the directions of the other principal 
50 refractive indices and the surface is in the range of 20°^9^70°. 

The invention also presents a liquid crystal display device comprising: 

a liquid crystal display cell composed of a liquid crystal layer interposed between a pair of light trans- 
mittable substrates, transparent electrode layers and orientation films formed mutually opposit to each other 
on each respective substrate surface, 
55 a pair of polarizers disposed at both sides of the liquid crystal display cell, and 

at least one phase difference plate interposed between the liquid crystal display cell and polarizers. 
The invention presents a phase difference plate, having no refractive index anisotropy parallel to the sur- 
face, and the principal refractive index nb in the normal direction to the surfac being smaller than th principal 
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refractive indices na, nc parallel to the surface, so that the resultant refractive index anisotropy of the phase 
difference plate 

wherein the direction of the principal refractive index nb is inclined to the normal direction of the surface, 
5 and the direction of the principal refractive index nb, not being in parallel with the surface of the phase differ- 
ence plate, and the direction of the principal refractive index nc or na within the surface are inclined counter- 
clockwise or clockwise about the direction of the principal refractive index na or nc within the surface. 

In the phase difference plate of the invention, first and second phase difference plates composed of the 
same phase difference plate are stacked up, and the angle of the inclined direction of the principal refractive 
10 index nb in the normal direction of each phase difference plate is about 90 degrees. 

According to the invention, the angle formed by the direction of inclination of the principal refractive index 
nb in the normal direction of the first phase difference plate and the direction of inclination of the principal re- 
fractive index nb in the normal direction of the second phase plate is about 90 degrees clockwise. 
The invention also presents a liquid crystal display device comprising: 
'5 a liquid crystal display cell composed of a liquid crystal layer interposed between a pair of light trans- 

mittable substrates, a transparent electrode layer and an orientation film formed mutually opposite to each 
other on each respective surface of the substrate, 

a pair of polarizers interposed at both sides of the liquid crystal display cell, and 
a phase difference plate interposed between the liquid crystal display cell and polarizers. 
2C In the hquid crystal display cell of the invention, the first phase difference plate of the two phase difference 

putes being stacked up is disposed so that the rubbing direction of the remote side substrate of the liquid crys- 
ta dtsp4ay cell may be nearly equal to the inclination direction of the principal refractive index nb in the normal 
direction of i he first phase difference plate, and the second phase difference plate is disposed so that the rub- 
Lmv; Oif «-ctK>n of the nearside substrate of the liquid crystal display cell may be nearly opposite to the inclination 
?5 o-'f t.:on ut ih<? principal refractive index nb in the normal direction of the second phase difference plate. 
Thr- utttMtiion also presents a liquid crystal display device comprising: 

n WgunJ ciystal display cell composed of a liquid crystal layer interposed between a pair of light trans- 
it* ttat^e sutrstaies, a transparent electrode layer and an orientation film formed mutually opposite to each 
other or each respective surface of the substrate 
30 a pair of polarizers disposed at both sides of the liquid crystal display cell, and 

at least one phase difference plate interposed between the liquid crystal display cell and polarizers. 
In the invention, one phase difference plate is interposed between the liquid crystal display cell and po- 
larizer 

Moreover, the invention, the inclination direction of the principal refractive index nb in the normal direction 
35 of the phase difference plate is substantially in the opposite direction of the rubbing direction of the near side 
substrate of the liquid crystal display cell. 

According to the invention, light of linear polarization transmits through a material having birefringence 
such as liquid crystal to generate normal light and abnormal light, and when converted into elliptical polarization 
according to their phase difference, a phase difference plate having the direction of principal refractive index 
40 inclined to the normal direction of the surface is placed at one side or both sides of the member having the 
birefringence to compensate for the change of phase difference of normal light and abnormal light caused by 
viewing angle, thereby making it possible to convert into linear polarization in a wide range of viewing angle. 

In such phase difference plate, the direction of the minimum principal refractive index of the three principal 
refractive indices of the index ellipsoid is parallel to t he surface, and t he directions of the ot her refractive indices 
45 are inclined to the surface, and it is therefore possible to compensate for the phase difference change between 
normal light and abnormal light for the changes of viewing angle in the direction in the normal viewing angle 
direction within a vertical plane to the direction of the minimum principal refractive index, including the surface 
normal line. 

Furthermore, when the direction of the principal refractive index is parallel to the surface, and the angle 
so 9 formed by the directions of the other principal refractive indices and the surface satisfies the condition of 
20°^8=S70° the phase may be compensated favorably for the viewing angle change in a range of 0 to 60 de- 
grees in the normal viewing angle direction. 

According to the constitution comprising a liquid crystal display cell composed of a liquid crystal layer in- 
terposed between a pair of light transmittable substrates forming a transparent electrode layer and an orien- 
55 tation film on confronting surfaces, a pair of polarizers disposed at both sides of the liquid crystal display cell, 
and at least one phase difference plate interpos d between the liquid crystal display cell and polarizers, the 
coloring phenomenon and reversal phenomenon due to change in viewing angle may be eliminated, so that a 
liquid crystal display device being free from dependence on viewing angle may be obtained. 

According to the invention, when light of linear polarization transmits through a material having birefrin- 
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gence such as liquid crystal to generate normal light and abnormal light, and is converted into elliptical polar- 
ization according to their phase difference, at one side or both sides of the member having the birefringence 
by placing at least one difference plate, not having refractive index anisotropy parallel to the surface, and the 
5 principal refractive index nb in the normal direction to the surface being smaller than the principal refractive 
indices na, nc parallel to the surface, so that the resultant refractive index anisotropy of the phase difference 
plate is negative, in which the direction of the principal refractive index nb is inclined to the normal direction 
of the surface, and the direction of the principal refractive index nb. not being in parallel with the surface of 
the phase difference plate, and the direction of the principal refractive index nc or na within the surface are 
10 inclined counterclockwise or clockwise about the direction of the principal refractive index na or nc within the 
surface, the phase difference change of normal light and abnormal light occurring due to viewing angle is com- 
pensated, and it is possible to convert into linear polarization over a wide range of viewing angles. 

Besides, by stacking up two of such phase difference plates, and defining the angle of the principal re- 
fractive index nb of each phase difference place formed in the inclination angle at about 90 degrees, it is pos- 
15 sible to compensate not only the phase difference change in the normal viewing angle direction, but also the 
phase difference change in the anti-viewing angle direction and lateral direction. 

The compensation of phase difference change may be executed more securely by stacking up the two 
phase difference plates so that the inclination of the principal refractive index bn in the normal direction of the 
first phase difference plate and the inclination angle of the principal refractive index nb in the normal direction 
20 of the second phase difference plate may form about 90 degrees clockwise. 

In the constitution comprising a liquid crystal display cell composed of a liquid crystal layer interposed be- 
tween a pair of light transmittable substrates, transparent electrodes layers and orientation films each formed 
mutually opposite to each other on each respective surface of the substrate, a pair of polarizers disposed at 
both sides of the liquid crystal display cell, and at least one phase difference plate interposed between the 
25 liquid crystal display cell and polarizers, the coloring phenomenon and reversal phenomenon can be elimin- 
ated, and a liquid crystal display device free from dependence on viewing angle may be realized. 

In this case, when disposing one phase difference plate, by arranging so that the inclination direction of 
the principal refractive index nb in the normal direction of the phase difference ptate may be substantially the 
opposite direction of the rubbing direction of the near side substrate of the liquid crystal cell, the compensation 
30 of the phase difference change may be effected more securely. When stacking up two phase difference plates, 
by disposing the first phase difference plate so that the rubbing direction of the remote side substrate of the 
liquid crystal display cell may be nearly equal to the inclination direction of the principal refractive index nb in 
the normal direction of the first phase difference plate, and the second phase difference plate so that the rub- 
bing direction of the nearside substrate of the liquid crystal display cell may be nearly opposite to the inclination 
?5 direction of the principal refractive index nb in the normal direction of the second phase difference plate, the 
compensation of the phase difference change may be executed more securely. 

As described herein, according to the invention, as the phase difference plate inclined in the principal re- 
fractive index direction, by using the phase difference plate inclined in the directions of the principal refractive 
indices nb, nc about the direction of the minimum principal refractive index na, in particular, it is possible to 
to compensate for changes of phase difference corresponding to the viewing angle or exit angle occurring in the 
member possessing birefringence such as liquid crystal display cells. Besides, the liquid crystal display device 
using such phase difference plate is capable of preventing lowering of contrast ratio due to coloring phenom- 
enon and reversal phenomenon, and therefore the contrast ratio in black and white display is not affected by 
the viewing angle direction, and the quality of display image may be improved outstandingly, 
s In the invention, relating to the phase difference plate negative in the refractive index anisotropy, with the 

principal refractive indices in the relation of na = nc > nb, as the phase difference plate inclined in the direction 
of principal refractive index, by staking up at least one phase difference plate inclined in the direction of principal 
refractive index nb in the normal direction about the direction of principal refractive index naor nc in the surface, 
in particular, and in the direction of the other principal refractive index ncor na. the phase difference corre^ 
o sponding to the viewing angle caused in the liquid crystal display cell may be eliminated, and lowering of con- 
trast ratio due to reversal phenomenon in the liquid crystaf display cell, and viewing angle characteristics in 
the anti-viewing angle direction may be further improved. Therefore, the contrasts ratio in black and white dis- 
play is enhanced, and the display quality of the liquid crystal display device is improved by far. 

Other and further objects, f atures, and advantages of th invention will be more explicit from the following 
> detailed description tak n with reference to the drawings wherein: 

Fig. 1 is a perspective view of a phase difference plate as an embodiment of the invention, 
Fig. 2 is a sectional explod d vi w of a liquid crystal display device as an embodiment of the invention, 
Fig. 3 is a schematic diagram showing the rubbing direction and normal viewing angle direction of the liquid 
crystal display cell. 
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Fig. 4 is a perspective exploded view of the liquid crystal display device 2 shown in Fig. 2, 

Fig. 5 is a schematic perspective view showing the measuring system of the dependence on the viewing 

angle of the liquid crystal display device, 

Fig. 6 is a graph showing the transmissivity-liquid crystal applied voltage characteristics of the liquid crystal 
display device 2 in Example 1, 

Fig. 7 is a perspective view showing the principal refractive indices na f nb, nc of a conventional phase dif- 
ference plate 31, 

Fig. 8 is a perspective exploded viewshowing the constitution of a conventional liquid crystal display device 
32 using the phase difference plate 31 , 

Fig. 9 is a graph showing the transmissivity-liquid crystal applied voltage characteristics of a liquid crystal 
display device 32 in Comparison 1, 

Fig. 10 is a graph showing the transmissivity-liquid crystal applied voltage characteristics of a liquid crystal 
display device 2 in Example 2, 

Fig. 11 is a graph showing the transmissivity-liquid crystal applied voltage characteristics of a liquid crystal 
display device 32 in Comparison 2 ? 

Fig. 12 is a perspective exploded view showing the constitution of a liquid crystal display device 2 in Ex- 
ample 3, 

Fig. 13 is a graph showing the transmissivity-liquid crystal applied voltage characteristics of the liquid crys- 
tal display device 2 in Example 3, 

Fig. 14 is a perspective exploded view showing the constitution of a liquid crystal display device 51 using 
conventional phase difference plates 31a, 31b, 

Fig. 15 is a graph showing the transmissivity-liquid crystal applied voltage characteristics of the liquid crys- 
tal display device 51 in Comparison 3, 

Fig. 16 is a perspective view of a phase difference plate 41 in another embodiment of the invention, 
Fig. 17 is a perspective view of a phase difference plate 42 in a different embodiment of the invention, 
Fig. 18 is a sectional exploded view of a liquid crystal display device 54 is another embodiment of the in- 
vention, 

Fig. 19 is a plan showing the rubbing direction of a liquid crystal display device 45, 
Fig. 20 is a perspective exploded view of the liquid crystal display device 54, 

Fig. 21 is a schematic perspective viewshowing the measuring system of the dependence on viewing angle 
of the liquid crystal display device 54, 

Fig. 22 is a graph showing the transmissivity-liquid crystal applied voltage characteristics of the liquid crys- 
tal display device 54 in Example 4, 

Fig. 23 is a perspective exploded viewshowing the constitution of a liquid crystal display device 80 in Com- 
parison 4, 

Fig. 24 is a perspective view showing the principal refractive indices na, nb, nc of a phase difference plate 
81 used in the liquid crystal display device 80, 

Fig. 25 is a graph showing the transmissivity-liquid crystal applied voltage characteristics of the liquid crys- 
tal display device 80 in Comparison 4, 

Fig. 26 is a sectional exploded view showing the constitution of a liquid crystal display device 85 in Example 

5, 

Fig. 27 is a perspective view showing the principal refractive indices na, nb, nc of a phase difference plate 
86 used in the liquid crystal display device 85, 

Fig. 28 is a perspective exploded view showing the constitution of the liquid crystal display device 85, 
Fig. 29 is a graph showing the transmissivity-liquid crystal applied voltage characteristics of the liquid crys- 
tal display device 85 in Example 5 t 

Fig. 30 is a perspective exploded viewshowing the constitution of a liquid crystal display device 88 in Com- 
parison 5, 

Fig. 31 is a perspective view showing the principal refractive indices na, nb, nc of a phase difference plate 
89 used in the liquid crystal display device 88, and 

Fig. 32 is a graph showing the transmissivity-liquid crystal applied voltage characteristics of the liquid crys- 
tal display device 88 in Comparison 5. 

Now referring to the drawing, preferred mbodiments of the invention are described b low. 

Fig. 1 is a perspective view of a phase difference plate in an embodiment of the invention. The phase dif- 
ferenc plat 1 is a flat plate of thickness d b ing made of a material possessing optical anisotropy, such as 
a drawn and elongated high polymer compound, for example, polycarbonat and polyester, and defining the 
surface (in a system of cartesian/rectangular coordinates with axes x,y,z) to be in the plane x-y the direction 
(the fast direction) of the minimum principal refractive index na of the thr e principal refrective indices na, nb, 
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nc of the index ellipsoid is parallel to the y-axis direction, and the direction of the principal refractive index nb 
is inclined in the direction of arrow 20 at an angle of 6 around the y-axis about the normal direction of the sur- 
face (the z-axis in Fig. 1). 

Fig. 2 is a sectional exploded view of a liquid crystal display device in an embodiment of the invention. 
The liquid crystal display device 2 is composed, by stacking up in the sequence shown in Fig. 2, a liquid crystal 
display cell 5 formed by inserting a liquid crystal layer 12 made of nematic liquid crystal or the like, sealing 
the liquid crystal with sealing members 13 between a pair of glass substrates 6 and 7, transparent electrode 
layers 8, 9 made of ITO (indium tin oxide) and orientation films 10. 11 each formed mutually opposite to each 
other on each respective surface of the subtrate 6,7 made of polyimide, polyvinyl alcohol or the like on the 
surface, a pair of polarizers 3, 4 disposed at both sides of t he liquid crystal display cell 5, and a phase difference 
plate 1 shown in Fig. 1 interposed between the liquid crystal cell 5 and polarizer 3. 

Each surface of orientation films 10, 11 is preliminarily processed by rubbing so that the intervening liquid 
crystal molecules may be twisted by about 90 degrees, and as shown in the plan in Fig. 3, the rubbing direction 
of the orientation film 10 on the glass substrate 6 is the direction of arrow 21, and the rubbing direction of the 
orientation film 11 on the glass substrate 7 is the direction of arrow 22 perpendicular arrow 21. 

Fig. 4 is a perspective exploded view of the liquid crystal display device 2 shown in Fig. 2. It is configured 
so that the transmission axis 23 of a polarizer 3 and the transmission axis 24 of a polarizer 4 may cross or- 
thogonally to each other, and the transmission axis 24 of the polarizer 4, the rubbing direction 21 of the ori- 
entation f dm 10of the liquid crystal display cell 5, and the fast direction 25 which is the direction of the minimum 
ponopa: refractive index na of the phase difference plate 1 are set to be parallel to each other, while the trans- 
m sson a* s 23 of the polarizer 3 and the rubbing direction 22 of the orientation film 11 of the liquid crystal 
display cefl 5 are set to be parallel to each other. Therefore, when voltage is not applied to the liquid crystal 
U/er 12 of the liquid crystal display cell 5, it is composed in the so-called normally white display system, that 
«v «,h,te d^p*ayed as the light is allowed to pass through the liquid crystal display device 2 provided that 
Um v*xh* difference plate 1 is placed between the polarizer 3 and polarizer 4, the phase can be compensated. 
M^, txivtrt < may ue present between the polarizer 4 and the liquid crystal display cell 5, or it may be composed 
of two Of more plates. 

A practical example of the liquid crystal display device 2, and the result of measuring its dependence on 
v^wmg angle are explained below. Fig. 5 is a schematic perspective view showing the measuring system for 
measuring the dependence on viewing angle of the liquid crystal display device 2. The contacting surface 26 
of the glass substrate 6 of the liquid crystal display cell 5 for composing the liquid crystal display device 2 and 
the phase difference plate 1 are set in the reference plane x-y of the system (and are in cartesian/ rectangular 
coordinates with axes xyz), and a photo detector 71 having a specific incidental angle is disposed at a position 
of specific distance from the origin of coordinates at an angle vj/ to the normal 27 to the plane 26, and mono- 
chromatic l>ght of wavelength 550 nm is emitted from the polarizer 4 side. The output of the photo' detector 71 
is amplified to a specific level by an amplifier 72, and recorded by recording means 73 such as a wavefom 
memory or recorder. 

40 Example 1 

In the liquid crystal display device 2 in Fig. 2, using a nematic liquid crystal material of which refractive 
index anisotropy An is 0.08 as the liquid crystal layer 12, the thickness of the liquid crystal layer 12 is set at 
4.5 jim. and the high polymer compound such as polycarbonate and polyester is drawn and elongated as the 
phase difference plate 1, and as shown in Fig. 1, a uniaxial material is used in which the value of the first re- 
tardation meaning the product (nc-na) .d of the difference between the principal refractive index nc and prin- 
cipal refractive index na and thickness d of phase difference plate 1 is 0 nm, and the value of the second re- 
tardation meaning the product (nc-nb) .d of the difference between the principal refractive index nc and prin- 
cipal refractive index nband thickness d of phase difference plate 1 is -100 nm, and the direction of the principal 
refractive index nb is inclined 40 degrees counterclockwise indicated by arrow 20 to the normal line of the sur- 
face of the phase difference plate 1, and similarly the direction of the principal refractive index nc forms an 
angle of 40 degrees to the surface. 

Such liquid crystal display device 2 is installed in the measuring system shown in Fig. 5, and when the 
photo detector 71 is fixed at a specific angle v . the output level of the photo detector 71 to the applied voltage 
to the liquid crystal display cell 5 is measured, and the result is expressed as a graph of transmissivity-liquid 
crystal applied voltage characteristics in Fig. 6. In Fig. 6, line L1 refers to the angle of angle y = 0 degree, line 
L2, 30 degrees, and line L3, 45 degrees. It is understood from the findings that the transmissivity falls to 0% 
at around 4.5 V.when the liquid crystal applied voltage is raised gradually from zero volt, and does not rise 
much if the liquid crystal applied voltage is further elevated. At the liquid crystal applied voltage of around 1 
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V, the transmissivity is not so different in lines L1, L2, L3, and therefore the improvement of the dependence 
on viewing angle is understood. 

5 Comparison 1 

A liquid crystal display device 32 in Fig. 8 is similar in structure to the liquid crystal display device 2 in Fig. 
2 except for the phase difference plate 1, and a nematic liquid crystal with the refractive index anisotropy An 
of 0.08 is used as the liquid crystal layer 12, and the thickness of the liquid crystal layer 12 is set at 4.5 urn, 

10 while a phase difference plate 31 shown in Fig. 7 is used instead of the phase difference plate 1 shown in Fig. 
1. The phase difference plate 31 is manufactured by drawing an elongation of a high polymer compound such 
as polycarbonate, being of uniaxial material of which value of first retardation (nc-na) .d is 0 nm, and value of 
second retardation (nc-nb) .d is -100 nm, and the direction of the principal refractive index nb is formed parallel 
to the normal direction of the surface. 

is Such liquid crystal display device 32 was installed in the measuring system shown in Fig. 5, as in Example 

1, and the photo detector 71 was fixed at a specific angle and the output level of the photo detector 71 to 
the liquid crystal applied voltage was measured, of which result is graphically shown in Fig. 9 as the transmis- 
sivity-liquid crystal applied voltage characteristics. In Fig. 9, line L4 refers to angle \\r = 0 degrees line L5, 30 
degrees, and line L6, 45 degrees. As known from the results, as the liquid crystal applied voltage is gradually 

20 raised from zero volt, the transmissivity is lowered nearly to 0% around 3.2 V in line L5, and tends to rise slightly 
when the liquid crystal applied voltage is further raised, while the transmissivity climbs up again without com- 
pletely reaching 0% in line L6. At the liquid crystal applied voltage of about 1 V, the transmissivity is lowered 
as the angle \j/ increases from 0 degrees. Therefore, it is understood that the dependence on viewing angle 
is improved considerably in Example 1 as compared with Comparison 1. 

25 

Example 2 

In the liquid crystal display device 2 in Fig. 2, using a nematic liquid crystal material having the refractive 
index anisotropy An of 0.08 as the liquid crystal layer 12, the thickness of the liquid crystal layer 12 was set 

30 at 4.5 nm. and the high polymer compound such as polycarbonate and polyester is drawn and elongated as 
the phase difference plate 1 , being of biaxial material with the first retardation (nc-na) .d of 220 nm and second 
retardation (nc-nb).d of 35 nm, in which the direction of the principal refractive index nb is inclined 40 degrees 
clockwise in the opposite direction of the arrow 20 in Fig. 1 to the normal direction of the surface of the phase 
difference plate 1, and the direction of the principal refractive index nc is at an angle of 40 degrees clockwise 

35 to the surface. 

Such liquid crystal display device 2 was installed in the measuring system shown in Fig. 5, and the photo 
detector 71 was fixed at a specific angle y, and the output level of the photo detector 71 to the liquid crystal 
applied voltage to the liquid crystal display cell 5 was measured, of which result is graphically shown in Fig. 
10 as the transmissivity-liquid crystal applied voltage characteristics. In Fig. 10, line L7 refers to the angle y 
40 of 0 degree, line L8, 30 degrees, and line L9, 45 degrees. As the liquid crystal applied voltage was gradually 
raised from zero volt, the transmissivity dropped to 0% at around 4.5 V, and if the liquid crystal applied voltage 
was further raised, the transmissivity was not elevated again. At the liquid crystal applied voltage of about 1 
V, the transmissivity did not differ greatly among lines L7, L8, and L9, and it is understood that the dependence 
of the transmissivity on the viewing angle was improved. 

45 

Comparison 2 

The liquid crystal display device 32 shown in Fig. 8 is similar in structure to the liquid crystal display device 
2 in Fig. 2 except for the phase difference plate 1, and the liquid crystal layer 12 is a nematic liquid crystal 

so layer with the refractive index anisotropy An of 0.08, the thickness of the liquid crystal layer 12 is set at 4.5 
u.m, and a phase difference plate 31 shown in Fig. 7 is used instead of the phase difference plate 1 shown in 
Fig. 1 . The phase difference plate 31 is a drawn and elongated high polymer compound such as polycarbonate, 
being of biaxial material with the first retardation (nc-na) .d of 220 nm and second retardation (nc-nb) .d of 35 
nm, and the direction of the principal refractive index nb is formed parallel to the normal direction of the surface. 

55 Such liquid crystal display device 32 was installed in the measuring system shown in Fig. 5, as in Example 

2, and the photo detector 71 was fixed at a specific angle y, and the output I vel of the photo detector 71 to 
the liquid crystal applied voltage was measured, of which result is graphically shown in Fig. 11 as transmissivity- 
liquid crystal applied voltage characteristics. In Fig. 11, line L10 refers to the angle y of 0 degrees line 11 , 30 
degrees, and line 12, 45 degrees. As the liquid crystal applied voltage was raised gradually from zero volts, 
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the transmissivity was lowered nearly to 0% at about 2.9 V in line L11 , and as the liquid crystal applied voltage 
was further raised, it tended to elevate slightly, and in line L12, the transmissivity was nearly 0% at about 2 8 
V, and climbed up again by further raising the applied voltage. At the liquid crystal applied voltage of around 
1 V f the transmissivity was lowered as the angle y became larger than 0 degrees. In Example 2, therefore, it 
is understood that the dependence on viewing angle was considerably improved as compared with this Com- 
parison 2. 

Example 3 

In the liquid crystal display device 2 in Fig. 12, using a nematic liquid crystal material having the refractive 
index anisotropy An of 0.08 as the liquid crystal layer 12, the thickness of the liquid crystal layer 12 was set 
at 4.5 urn, and the high polymer compound such as polycarbonate and polyester was drawn and elongated as 
two phase difference plates 1a and 1b interposed between the iquid crystal display cell 5 and polarizers 3 
the phase difference plate 1 a being of biaxial material with the first etardation (nc-na).d of 350 nm and second 
retardation (nc-nb) .d of 210 nm, in which the direction of the principal refractive index nb is inclined 20 degrees 
clockwise in the opposite direction of the arrow 20 in Fig. 1 to the normal direction of the surface of the phase 
differenceplate 1, and the direction of the principal refractive index nc is at an angle of 20 degrees clockwise 
to the surface. Moreover, the direction (fast direction) 25a of the minimum principal refractive index na is ar- 
ranged to be parallel to the rubbing direction 21 of the orientation film 10 on the glass substrate 6. 

On the other hand, the phase difference plate lb is, similar to the phase difference plate 1a, a drawn and 
elongated high polymer compound such as polycarbonate and polyester, being of biaxial material with the first 
retardation (nc-na) .d of 350 nm and second retardation (nc-nb) .d of 210 nm, in which the direction of the prin- 
cipal refractive index nb is inclined 20 degrees counterclockwise indicated by the arrow 20 in Fig. 1 to the nor- 
mal direction of-the surface of the phase difference plate 1, and the direction of the principal refractive index 
nc is at an angle of 20 degrees to the surface. Moreover, the direction (fast direction) 25b of the minimum prin- 
cipal refractive index na is arranged to be perpendicular to the rubbing direction 21 of the orientation film 10 
on the glass substrate 6. 

Such liquid crystal display device 2 was installed in the measuring system shown in Fig. 5, and the photo 
detector 71 was fixed at a specific angle v , and the output level of the photo detector 71 to the liquid crystal 
applied voltage to the liquid crystal display cell 5 was measured, of which result is graphically shown in Fig. 
13 as the transmissivity-liquid crystal applied voltage characteristics. In Fig. 13, line L13 refers to the angle v 
of 0 degrees line L14, 30 degrees, and line L15, 45 degrees. As the liquid crystal applied voltage was gradually 
raised from zero volt, the transmissivity dropped to 0% at around 4.5 V, and if the liquid crystal applied voltage 
was further raised, the transmissivity was not elevated again. At the liquid crystal applied voltage of about 1 
V, the transmissivity was not so different among lines L13, L14. and L15, and it is understood that the depend- 
ence of the transmissivityon the viewing angle was improved. 

Comparison 3 



In this comparison, the liquid crystal display device 34 shown in Fig. 14 is similar in structure to the liquid 
crystal display device 2 in Fig. 12 except for the phase difference plates 1a and 1 b, and the liquid crystal layer 
12 is a nematic liquid crystal layer with the refractive index anisotropy An of 0.08, the thickness of the liquid 
crystal layer 1 2 is set at 4.5 u.m, and a phase difference plate 31 shown in Fig. 7 is used as the phase difference 

45 plates 1a and 1b instead of the phase difference plate 1 shown in Fig. 1. The phase difference plate 31a is a 
drawn and elongated high polymer compound such as polycarbonate, being of biaxial material with the first 
retardation (nc-na) .d of 350 nm and second retardation (nc-nb).d of 210 nm, and the direction of the principal 
refractive index nb is formed parallel to the normal direction of the surface. Moreover, the direction (fast di- 
rection) 33a of the minimum principal refractive index na is arranged to be parallel to the rubbing direction 21 

50 of the orientation film 1 0 on the glass substrate 6. 

On the other hand, the phase difference plate 31b is, similar to the phase difference plate 31a, a drawn 
and elongated high polymer compound such as polycarbonate, being of biaxial material with the first retardation 
(nc-na).d of 350 nm and second retardation (nc-nb).d of 210 nm, and the direction of the principal refractive 
index nb is formed parallel to the normal dir ction of the surface. However, the direction (fast direction) 33b 

55 of the minimum principal refractive index na is arranged to be perpendicular to the rubbing direction 21 of the 
orientation film 10 on the glass substrat 6. 

Such liquid crystal display device 34 was installed in th measuring system shown in Fig. 5 same as in 
Example 2, and t h photo detector 71 was fixed at a specific angle V( and the output level of the photo detector 
71 to the liquid crystal applied voltage was measured, of which result is graphically shown in Fig. 15 as trans- 
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missivity-liquid crystal applied voltage characteristics. In Fig. 15, line L16 refers to the angle y of 0 degrees, 
line L 17,30 degrees, and line L 18, 45 degrees. As the liquid crystal applied voltage was raised gradually from 
zero volts, the transmissivity was lowered nearly to 0% at around 4.5 V, and as the liquid crystal applied voltage 
was further raised, the transmissivity was elevated again, and the margin of elevation was larger than in Ex- 
ample 3. Furthermore, at the liquid crystal applied voltage of around 1 V, the transmissivity dropped as the 
angle y increased from 0 degrees. As compared with this comparison, therefore, it is understood that the de- 
pendence on viewing angle was slightly improved in Example 3. 

Incidentally, instead of the drawn and elongated high polymer compound explained in the foregoing em- 
bodiments, oblique orientation of liquid crystal high polymers such as polycarbonate and polyester may be also 
employed. 

Fig. 16 is a perspective view of a phase difference plate in another embodiment of the invention. The phase 
difference plate 41 is a material having optical anisotropy, such as drawn and elongated high polymer com- 
pound including polystyrene, formed in a flat plate of thickness d, and defining the surface to be (in a system 
of cartesian7rectangular coordinates with axes x,y,z) in plane x-y, direction of the principal refractive index na, 
out of three principal refractive indices na, nb, ncof the index ellipsoid is parallel to the y-axis, and the direction 
of the principal refractive index nb is inclined in the direction of arrow 60 at an angle of 0 about the z-axis to 
the normal direction of the surface. The direction of the principal refractive index nc is inclined in the direction 
of arrow 59 at an angle of 0 about the x-axis along the surface. Among the principal refractive indices na, nb, 
nc, the relation of na = nc > nb is established. 

Fig. 17 is a perspective view of a phase difference plate 42 in a different embodiment of the invention. 
The phase difference plate 42 is composed by stacking up two of the phase difference plates 41 shown in Fig. 
16. Furthermore, the phase difference plates 41 are arranged so that there is an angle of about 90 degrees 
between the inclination direction 61a of the principal refractive index nb of the first phase difference plate 41a 
and the inclination direction 61b of the principal refractive index nb of the second phase difference plate 41 b. 

Fig. 1 8 is a sectional exploded view of a liquid crystal display device 54 in a further different embodiment 
of the invention. The liquid crystal display device 54 comprises a liquid crystal display cell 45 composed of a 
liquid crystal layer 52 made of nematic liquid crystal between a pair of glass substrates 46, 47, transparent 
electrode layers 48, 49 made of ITO or the like and orientation films 50,51 each formed mutally opposite to 
each other on each respective substrate 46,47 made of polyimide, polyvinyl alcohol or the like on the surface, 
and sealing members 53 disposed between the glass substrate 46,47, a pair of polarizer 43,44 disposed at 
both sides of the liquid crystal display cell 45, and a phase difference plate 42 shown in Fig. 17 interposed 
between the liquid crystal display cell 45 and polarizers 43, which are stacked up in the sequence shown in 
Fig. 18. 

Each surface of the orientation films 50, 51 is pretreated by rubbing so as to twist the intervening liquid 
crystal molecules by about 90 degrees, and as shown in the plan in Fig. 19, the rubbing direction of the ori- 
entation film 50 on the glass substrate 46 is the direction of arrow 62, and the rubbing direction of the orien- 
tation film 51 on the glass substrate 47 is the direction of arrow 63 perpendicular to arrow 62. 

Fig. 20 is a perspective exploded view of the liquid crystal display device shown in Fig. 18. It is configured 
so that the transmission axis 64 of a polarizer 43 and the transmission axis 65 of a polarizer 44 may cross 
orthogonally to each other, and it is set so that the transmission axis 65 of the polarizer 44, the rubbing direction 
62 of the orientation film 50 of the liquid crystal display cell 45, and the inclination direction 61b of the principal 
refractive index nb of the phase difference plate 41b may be parallel to each other, and that the rubbing di- 
rection 62 of the orientation film 50 of the liquid crystal display cell 45 and the inclination direction 61b of the 
principal refractive index nb of the phase difference plate 41b may be in opposite detections to each other. 

On the other hand, it is set so that the transmission axis 64 of the polarizer 43, rubbing direction 63 of the 
orientation film 51 of the liquid crystal display cell 45, and the inclination direction 61a of the principal refractive 
index nb of the phase difference plate 41a may be parallel to each other, and that the rubbing direction 63 of 
the orientation film 51 of the liquid crystal display cell 45 and the inclination direction 61a of the principal re- 
fractive index nb of the phase difference plate 41a may be in the same direction. Therefore, when voltage is 
not applied to the liquid crystal layer 52 of the liquid crystal display cell 45, the light transmits through the liquid 
crystal display device 54 to display white, thereby composing the so-called normally white display system. 
Phase compensation is possible provided that the phase difference plate 42 is placed between the polarizer 
43 and the polarizer 44, and it may be interposed between the polarizer 44 and the liquid crystal display cell 
45. 

A practical embodiment of thus obtained liquid crystal display devic 54 and the result of measur m nt 
of the dependence of the transmissivity on the viewing angle wfll now be explained. Fig. 21 is a schematic 
perspective view showing the measuring system for measuring the dependence on viewing angle of the liquid 
crystal display device 54. The contact surface 66 of the glass substrate 46 of the liquid crystal display cell 45 
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for composing the liquid crystal display device 54 and the phase difference plate 42 is set on the reference 
plane x-y (using a system of cartesian/rectangular coordinates with axes x,y.z), and the photo detector 71 hav- 
ing a specific incidental angle is placed same as in Fig. 5 at a position of a specific distance from the origin of 
the coordinates, in a direction of angle y to the normal direction 67 of the surface 66, and monochromatic light 
of wavelength 550 nm is entered from the polarizer 44 side. The output of the photo detector 71 is amplified 
to a specific level in an amplifier 72, and recorded by recording means 73 such as waveform memory or re- 
corder. It is measured in four directions, normal viewing angle direction, right direction, anti-viewing angle di- 
rection, and left, direction. a a 

Example 4 
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In the hquid crystal display device 54 in Fig. 18, using a nematic liquid crystal material of which refractive 
index amsotropy An is 0.08 as the liquid crystal layer 52, the thickness of the liquid crystal layer 52 is set at 
4.5 urn, and a high polymer compound such as polystyrene is drawn and elongated as phase difference plates 
41a, 41b for composing the phase difference plate 42, being, as shown in Fig. 16, a uniaxial material in which 
the value of the first retardation meaning the product (nc-na).d of the difference between the principal refrac- 
tive index nc and principal refractive index na and thickness d of phase difference plates 41a and 41 b is 0 nm 
and the value of the second retardation meaning the product (nc-nb) .d of the difference between the principal 
refractive index nc and principal refractive index nb and thickness d of phase difference plates 41a and 41b is 
100 nm, and the direction of the principal refractive index nb is inclined 20 degrees clockwise indicated by arrow 
60 to the normal line to the surface of the phase difference plates 41a and 41b, and similarly the direction of 
the principal refractive index nc forms an angle of 20 degrees to the surface. 

Such liquid crystal display device 54 is installed in the measuring system shown in Fig. 21 and when the 
photo detector 71 is fixed at a specific angle v|/. the output level of the photo detector 71 to the applied voltage 
to the liquid crystal display cell 45 is measured, and the result is expressed as a graph of transmissivity-liquid 
crystal apphed voltage characteristics in Fig. 22. In Fig. 22, line L21 refers to the characteristic curve at angle 
y - 0 degrees. The lines L22, L23, L24, and L25 represent the characteristic curves as seen at a position in- 
clined by angle y of 30 degrees in the normal viewing angle direction, right direction, anti-viewing angle direc- 
tion and left direction. It is understood from the findings that the transmissivity is almost 0% in the applied 
voltage range of 3.5 V to 5.5 V. It is also known that the transmissivity when voltage is applied is not so different 
whether seen from above or inclined at the viewing angle. 

Further, in lines L23 and L25, the applied voltage transmissivity characteristic is almost the same as that 
seen from above, and it is confirmed that the lateral asymmetricity is almost unchanged. Moreover in line L24 
the transmissivity when voltage is applied is considerably lowered, and black display is realized, which sug- 
gests that the anti-viewing angle direction is improved. 

The contrast ratio of the normal viewing angle direction and anti-viewing angle direction of the liquid crystal 
display device 54 is shown in Table 1 below. 



Table 1 
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Contrast ratio 


Normal viewing angle direction 


Anti-viewing angle direction 


Liquid crystal display device 
54 


76 


18 


Liquid crystal display device 
80 


10 


8 


Without phase difference 
plate TN 


42 


4 



55 Comparison 4 

A liquid crystal display device 80 in Fig. 23 is similar in construction to the liquid crystal display device 54 
in Fig. 18 except for the phase diff rence plate 82, and a nematic liquid crystal material with the refractive 
index amsotropy An of 0.08 is used as the liquid crystal layer 52, the thickness of the liquid crystal lay r 52 is 
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set at 4.5 urn, and a phase difference plate 81 shown in Fig. 24 is used instead of the phase difference plate 
41 shown in Fig. 16. Phase difference plates 81a and 81b for composing the phase difference plate 82 are a 
drawn and elongated high polymer compound such as polystyrene, being of a uniaxial material with the first 
5 retardation (nc-na).d of 0 nm and second retardation (nc-nb).d of 100 nm, and the direction of the principal 
refractive index nb is formed parallel to the normal line of the surface. 

It is configured so that the direction 83a of the principal refractive index nc of the first phase difference 
plate 81a may be parallel to the rubbing direction of the orientation film 51 on the glass substrate 47, and that 
the direction 83c of the principal refractive index nc of the second phase difference plate 81b may be parallel 
10 to the rubbing direction 62 of the orientation film 50 on the glass substrate 46. 

Fig. 25 is a graph showing the applied voltage-transmissivity characteristics of the liquid crystal display 
device 80. In Fig. 25, the characteristic curve as observing the liquid crystal display device 80 from above is 
represented by line L26, and the characteristic curves as seen from the position inclined by angle y of 30 de- 
grees in the normal viewing angle direction, right direction, anti-viewing angle direction, and left direction ar 
15 indicated by lines L27, L28, L29, and L30, respectively. In line L27 in Fig. 25, the transmissivity once lowered 
at applied voltage of 2.7 was raised again from 3.0 V, and reversal phenomenon was observed. In addition, it 
was known that the transmissivity when voltage was applied was lowered when the viewing angle was inclined. 

Besides, lines L28 and L30 were found to be slightly asymmetrical laterally as compared with lines L23, 
L25 in Fig. 22. Furthermore, in line L29, the transmissivity with voltage applied was not fully lowered. 
20 Therefore, the viewing angle characteristic of the liquid crystal display device 54 shown in Fig. 1 8 is found 

to be considerably improved as compared with the viewing angle characteristics of the conventional liquid crys- 
tal display device 80 shown in Fig. 23. As the phase difference plate 41, oblique orientation of liquid crystal 
high polymer or rolling of high polymer film may be employed. 

25 Example 5 

A liquid crystal display device 85 in Fig. 26 is similar in construction to the liquid crystal display device 54 
in Fig. 18 except for the phase difference plate 86, and a nematic liquid crystal material with the refractive 
index anisotropy An of 0.08 is used as the liquid crystal layer 52, the thickness of the liquid crystal layer 52 is 

30 set at 4.5 ^m, and a phase difference plate 86 shown in Fig. 27 is used instead of the phase difference plate 
41 shown in Fig. 16. The phase difference plate 86 is a drawn and elongated high polymer compound such as 
polystyrene, being of a uniaxial material with the first retardation (nc-na).d of 0 nm and second retardation (nc- 
nb).d of 200 nm, and the direction of the principal refractive index nb is inclined 25 degrees clockwise indicated 
by arrow 60 to the normal direction to the surface of the phase difference plate 86, and similarly the direction 

35 of the principal refractive index forms an angle of 25 degrees to the surface. 

Fig. 28 is a perspective view showing the constitution of the liquid crystal display device 85. As shown in 
Fig. 28, the transmission axes 64, 65 of polarizers 43, 44 of the liquid crystal display device 85 are configured 
so as to be perpendicular to the respective rubbing directions 62, 63 of the orientation films 50, 51 on the glass 
substrates 46, 47, respectively, and the inclination direction 87 of the principal refractive index nb in the ani- 

40 sotropic direction of the phase difference plate 86 is set opposite to the rubbing direction 62 of the orientation 
film 50 of the glass substrate 46. Therefore, when the voltage is applied, the liquid crystal display device 85 
allows the light to pass to display white, which is called normally white display. 

Fig. 29 is a graph showing the applied voltage-transmissivity characteristics of the liquid crystal display 
device 85. In Fig. 31, the characteristic curve as seen from above the liquid crystal display device 85, that is, 

45 from an angle y of 0 degree is indicated. by solid line L31. The characteristic curves as seen from a position 
inclined by an angle \j/ of 30 degrees in the normal viewing angle direction and anti-viewing angle direction of 
the liquid crystal display device 85 are represented by lines L32 and L33, respectively. In line L32 in Fig. 29, 
it is confirmed that the transmissivity is almost 0% in the applied voltage range 3.5 V to 5.5 V. It is also known 
that the transmissivity with voltage applied is hardly changed whether seen from above or when inclined in 

so the viewing angle. In line L33, the transmissivity with voltage applied is lowered considerably, and black is 
displayed, and it is confirmed that the anti-viewing angle direction is improved. 

The contrast ratio of the normal viewing angle direction and anti-viewing angle direction of the liquid crystal 
display device 85 is shown in Table 2 below. 

55 
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Table 2 





Contrast ratio 


Normal viewing angle direction 


Anti-viewing angle direction 


Liquid crystal display device 
85 


147 


19 


Liquid crystal display device 
88 


11 


7 


Without phase difference 
plate TN 


42 


4 



Comparison 5 

A liquid crystal display device 88 in Fig. 30 is similar in construction to the liquid crystal display device 85 
in Fig. 26 except for the phase difference plate 89, and a nematic liquid crystal material with the refractive 
index anisotropy An of 0.08 is used as the liquid crystal layer 52, the thickness of the liquid crystal layer 52 is 
set at 4.5 ^m, and a phase difference plate 89 shown in Fig. 31 is used instead of the phase difference plate 
86 shown in Fig. 27. The phase difference plate 89 is a drawn and elongated high polymer compound such as 
polystyrene, being of a uniaxial material with the first retardation (nc-na).d of 0 nm and second retardation (nc- 
nb).d of 200 nm, and the direction of the principal refractive index nb informed parallel to the normal line of 
the surface. In Fig. 30, moreover, the direction of the principal refractive index nc of the phase difference plate 
89 is formed parallel to the surface. The direction 90 of the principal refractive index nc of the phase difference 
plate 89 is disposed parallel to the rubbing direction 62 of the orientation film 50 of the glass substrate 46. 

Fig. 32 is a graph showing the applied voltage-transmissivity characteristics of the liquid crystal display 
device 88. In Fig. 32, the characteristic curve as observing the liquid crystal display device 88 from above is 
represented by line L34, and the characteristic curves as seen from the position inclined by angle y of 30 de- 
grees in the normal viewing angle direction and anti-viewing angle direction are indicated by lines L35 and L36, 
respectively. In line L34 in Fig. 32, the transmissivity curve once lowered at an applied voltage of 2.7 V begins 
to rise again as the applied voltage is further increased from 3.0 V, and a reversal phenomenon was observed. 
In addition, it was known that the transmissivity when voltage was applied was lowered when the viewing angle 
was inclined. Similarly, in line L36 in Fig. 32, it was confirmed that the transmissivity with voltage applied was 
not lowered completely. 

Therefore, the viewing angle characteristics of the liquid crystal display device 85 shown in Fig. 26 were 
known to be considerably improved as compared with the viewing angle characteristics of the conventional 
liquid crystal display device 88 shown in Fig. 30. As the phase difference plate 86, oblique orientation of liquid 
crystal high polymer or rolling of high polymer film may be also employed. 

The invention may be embodied in other specific forms without departing from the spirit or essential char- 
acteristics thereof. The present embodiments are therefore to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indicated by the appended claims rather than by the foregoing 
description and all changes which come within the meaning and the range of equivalency of the claims are 
therefore intended to be embraced therein. 



Claims 

1. A phase difference plate (1) forming a material having optical anisotropy in a flat plate form, wherein the 
direction of the principal refractive index (nb) of the index ellipsoid is inclined to the normal of the surface. 

2. The phase difference plate (1) as claimed in claim 1, wherein of the three principal refractive indices 
(na.nb.nc) of the index ellipsoid, the direction of the minimum principal refractive index (na) is parallel to 
the surface, and the directions of the other principal refractive indices (nb,nc) are inclined to the surface. 

3. The phase difference plate (1) as claimed in claim 2, wherein of the three principal refractive indices 
(na,nb,nc) of the index ellipsoid, the direction of the minimum principal refractive index (na) is parall I to 
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the surface, and the angle 9 formed by the directions of the other principal refractive indices (nb.nc) and 
the surface is in the range of 20°^0^70°. 

A liquid crystal display device (2) comprising: 

a liquid crystal display cell (5) composed of a liquid crystal layer (12) interposed between a pair of 

light tranmittable substrates (6 t 7) transparent electrode layers (8,9) and orientation films (10,11) each 

formed mutually opposite to each other on each said surface of said substrate (6,7). 

a pair of polarizers (3,4) disposed at both sides of the liquid crystal display cell (5), and 

at least one phase difference plate (1) as claimed in claim 1, 2 or 3 interposed between the liquid 

crystal display cell (5) and polarizers (3,4). 

A phase difference plate (41,86), having no refractive index anisotropy parallel to the surface, and the 
principal refractive index nb in the normal direction to the surface being smaller than the principal refrac- 
tive indices na, nc parallel to the surface, so that the resultant refractive index anisotropy of the phase 
difference plate is negative, 

wherein the direction of the principal refractive index nb is inclined to the normal direction of the 
surface, and the direction of the principal refractive index nb, not being in parallel with the surface of th 
phase difference plate, and the direction of the principal refractive index nc or na within the surface are 
inclined counterclockwise or clockwise about the direction of the principal refractive index na or nc within 
the surface. 

A phase difference plate (42) composed by stacking first and second phase difference plates (41a,41b) 
consisted of the phase difference plate (41) as claimed in claim 5, and 

the angle of the inclined direction of the principal refractive index nb in the normal direction of each 
phase difference plate (41a,41b) is about 90 degrees. 

The phase difference plate (42) as claimed in claim 6 wherein the angle formed by the direction of inclin- 
ation of the principal refractive index nb in the normal direction of the first phase difference plate (41a) 
and the direction of inclination of the principal refractive index nb in the normal direction of the second 
phase difference plate (41b) is about 90 degrees clockwise. 

A liquid crystal display device (54) comprising: 

a liquid crystal display cell (45) composed of a liquid crystal layer (52) interspaced between a pair 

of light permeable substrates (46,47), transparent electrode layers(48,49) and orientation films (50,51) 

each formed mutually opposite to each other on each said surface of said substrate (46,47), 

a pair of polarizers (43,44) disposed at both sides of the liquid crystal display cell (45), and 

a phase difference plate (42) as claimed in claim 6 or 7 disposed between the liquid crystal display 

cell (45) and polarizers (43,44). 

The liquid crystal display device (54) as claimed in claim 8 and the phase difference plate (42) as claimed 
in Claim 7 wherein, 

the first phase difference plate (41a) is disposed so that the rubbing direction of the remote side 
substrate (47) of the liquid crystal display cell (45) may be nearly equal to the inclination direction of the 
principal refractive index nb in the normal direction of the first phase difference plate (41 a), and the second 
phase difference plate (41b) is disposed so that the rubbing direction of the near side substrate (46) of 
the liquid crystal display cell (45) may be nearly opposite to the inclination direction of the principal re- 
fractive index nb in the normal direction of the second phase difference plate (41b). 

A liquid crystal display device (85) comprising: 

a liquid crystal display ceil (45) composed of a liquid crystal layer (52) interposed between a pair 
of light transmittable substrates (46,47) forming a transparent electrode layers (48,49) and an orientation 
films (50,51) each formed mutially opposite to each other on each said surface of said substrate (46,47) 
a pair of polarizers (43,44) disposed at both sides of the liquid crystal display cell (45), and 
at least on phase difference plate (41,86) as claimed in claim 5 interposed between the liquid crys- 
tal display cell (45) and polarizers (43,44). 

The liquid crystal display device (85) as claimed in claim 10 wherein one phase difference plate (86) is 
interposed between the liquid crystal display cell (45) and polarizer (43). 
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12. The liquid crystal display device (85) as claimed in claim 1 1 wherein the inclination direction of the principal 
refractive index nb in the normal direction of the phase difference plate (86) is nearly in the opposite di- 
rection of the rubbing direction of the near side substrate (46) of the liquid crystal display cell (45). 
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Fig. 2 
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Fig. 3 

TOP . 




17 



BNSDOCID: <EP 0576304A1_I_> 



EP 0 576 304 A1 



Fig. 4 




18 



BNSDOCID: <EP 0576304Al_l_> 



EP 0 576 304 A1 




EP 0 576 304 A1 




EP 0 576 304 A1 




EP 0 576 304 A1 




22 



^SBNSDOCID: <EP 0576304A1_ 



EP 0 576 304 A1 




— i — 

O 
CO 



o 
o 



o 
en 



o 
oo 



o 



o 



O 

in 



o 



O 
CM 



(*> All AISSIWSNVH1 



23 



BNSDOCID: <EP OS763CWA1J > 



EP 0 576 304 A1 




EP 0 576 304 A1 



Fig. 12 
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Fig.H 
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